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Abstract . 

The question, when and if to use analysis of covariance, has been debated 
for the past 15 years. The purposes of this paper are tq review recent 
research findings concerning analysis of covariance, illustrate how it is used 
including tests of the assumptions, and suggest aiternatives when specific 

_ ______ 

assumptions are not met. The paper also illustrates how to perform analysis 
of covariance using the Statistical Package for the Social Sciences. 



The Care and Feeding of MCeVA 

The last 15 years have brought much cbntrbyersy regarding analysis of 
covariance (ANCOVA)'^ Many researchers in education are not sure whtin or if it 
should be used, and if they use it, they are not sure exactly how. The purposes 
of this paper are to review recent research findings concerning when to use 
analysis of covariance, to illustrate how it is used^ including the tests of 
assumptions, and to suggest alternatives when specific assumptions are not met. 

Backgro tmdr 

ANCeVA was derived originally by Fisher (1932) and has .generated a lot of 
inwefest since that: time. An entire 1957 issue of Biometrics was devoted to 
a consideration of ANCOVA. Over the years, two major functions have been 
attributed to ANCOVA: 

(1) An increase in the precision of ah experiment, through redtictipn of 
unexplained within ceil "Variation, and 

(2) A Correction for initial differences among groups by adjusting - 

\ - _ _ - __ _ J 

crxteribn scores for some independent variable (s). c 

_ _ __ 'i^y, _ ■ 

A frequent use of MCGVA in '-educational research is for analyzing, data 

\ t __ _ _ 

from a pretest-posttest-cdntrbl grbup design when there are initial differences 
between the groups. It is assumed that, as the second function indicates; 
ANCOVA will overcome the initial difference problem. Investigation dembnstrated 
that ANCOVA will not statistically correct this prbblem. Lord (1955, 1950/ & 
1969), Campbell' and Erlebacher (197C) , and Cronbach ^d Furby (1970) among 
bthers have recognized this facti 



Horse, Jallmadge, and Wood (1974) and Tallmadge and Hdrst (1976) went 

beyond a warning of ' caution and ihcbyrectly suggested that ANCOVA was 

unjust iiied under certain cpnditions: 

There is, bf course, no justification for the extra cbmpUta- ; 
tibrial labbr required fbr cbvariance analysis if the twb 
' -.^r^ups obtained equal scores on the pretest. CT^Hniadge & 
Horst, 1976, p. 46) ' " - 

This misleading and overly, .simplified conclusion has been echoed by Becker and 

Engeimann (1975). 

Garef ul research has shown that ANGDVA can be a very useful procedure to 
increase the sans^.tivity of an analysis if applied correctly _($ictean & Ware,. 
1977; Ware ^ McLean, 1978). A cbrrect an|Uicati^ of ANCOVA requires the 
examination of a nuj jer of assumptions, Eiashbf f (19169)* identified seven - - 
asstimptions and indicated that the ihtefpretatibn of ANCD^^ results was 
dependent upon the degree to \^ich these assumptions were met 7 Results of 
other studies (Glass, P:ickham, S Sanders, 1972; McLean, 1974; McLean, 1977) 
have indicated the relative impbrtahce ahd/br rbbustness bf the varibus 
assumptions^ 

The remainder bf the paper examines methods for testing each^of the Ai^COVA 
assumptions, illustrates an analysis, and suggests possible alternative analyses, 

_____ ^ 
' - ' Testing Assumptions 

- Using ANCOVA usually requires meeting the three assumptions customary to 

analysis of variance (random sampling, normality, and hombgeneity bf variance) 

plus four others CEiashoff, 1969). Specifically, the assumptions outlined by 

Elashdrf are a& follows: ' . 

CD that cases are assigned randbmly tb treatment conditions, 

(2) that the cbvariate is independent of the treatment effect^ 
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(3) that the covariate is measured without* error (i.e.^ with perfect 
reliability)^ 

C45 that the cbvafxate is linearly related to the dependent variable, 
(5) that the regression of the dependent variable on the covariate : 

is the same for each group ^ 
(5) that for each level of the covariate, the dependent variable is 

normally distribjited, and 
(J) that the variance of the dependent variable at a given value of the 
covariate is constant across treatoent groups and is independent 
- of the covariate i : 

The relative importance and appropriate test (if necessary) of each 
assumption follows. • - " 

Random Assignmeiit 

^^>^Random sampling is basic to every inferential* statistical procedure. The 
F probability distribution was derived on the basis of random assignment. 
Although it is called ah assumption, fapdbm sampling can be designed into an 
experiment and its implementation physically checked. . ' _ 

Random assignment per se is hot even- mentioned in the now classic article, 
"Consequences of Failure to Meet AssiSptxbns Underlying the Fixed Effects 
Analysis ^f Variance and Govariance". (Glass, et al.,'1972). However, violation 
of this assumption of t^n manifests itself in th^" failure to meet one or more 
of the other six assumptions. 

Independence of Covariate and Treatment ^ 

Tlxis assumption may be the most important single assumption in ANCOVA, 
If the covariate and the treatments are independent ^ one would not expect the 
covariate means -for each treatment group to differ significantly. ^ easy test 
of this assumption would involve comparing the covariate means of the groups o 
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by perfbrmihg an analysis of variance or the covariates while ignoring the 
dependent variables. Rejection of the nul^-ir^ttiesis would indidate that the. 
assuiiiptidh is nat met while non-rejection^^K^ld indicate that there is no 
reasbn^to believe that the assumption had been violated. 
Perfect Reliability^ - ' ^ 

It is obvious that measurement with perfect reliability in the social 
sciences is impossible; A requirement that this assumption be met wou-ld 
invalidate nearly all of the research of the last 50 years which used the 
least squares model. A previous study (McLean, 1974) indicated that if the 
assumption concerning independence of the cbvariate and treatment is met^ the 
assumption of perfect reliability becbmes less important. 
Cbvariate Related to Dependent Variable • 

The assumption" that the covariate is linearly related to the dependent 
variable is important in terms bf ANCOVA's efficiency. That is, if the 
assumption is not met, the analysis will still be valid, but it will be no 
more powerful 'than regular analysis of variance. Iii fact, it may be slightly . 
less powerful due to the Ibss'of a degree of freedom for estimating ' the. 
variance bf the. covariate. 

^le test of this assumption is very simple; One need' only test the 
significance of the linear relatibnship between the cbvariate and the dependent 
variable. A significant relationship indicates the assumption is uiet. This 
can be tested by first c6mpt|tirig a Pear sen prcduct-mbnent correlation 
coefficient followed by a t^test. Most computer library packages will print 
cut a test of this assumption automatically. 
4lom0^eneit^ bf Regression 

Indications are that the ANGOVA procedure is relatively robust with 
respect to violations of this aasumption. Peckham (1970) coi^ducted a cbmputer 



, siraulatibti study of the robustness of ANCOVA to viblctibns of the hbihbgeneity / 
of regression assumption. He indiC'-^ted that two patterns emerged from his 
studyi The first pattern is that "the empirical f dl^ribution of the fixed- _ 
effects analysis of Cdvariance closely approximates the"^ normal theory F 
c&stribvai;ibn fbr all but the mbst heterogeneous regression slopes" (p. 9) 
and the Second is that "the test fbr the rejection of the nuli hypotk'ssis 
^ becomes more conservative with respect to a Type i error as the heterogeneity 
of the regression slopes increase" (p; 9). Peckhan? (1970) concluded tb^t 
"the results of this investigation indicate the analysis of co variance is 
robust to Violations of the assumption of homogeneous regression slopes . i ." 
(p- 11). ' ' . 

This assumption is one of the more difficult to test. Sbie computer 
library packages provide a test within. their regular analysis. Mclean (1974, 

pp. 18-19) indicated through derivatibn that the grbup regressibn slopes were 

^ . ' _ _ ______ 

equal to their respective group covariate reliabilities in the case where a 

pretest was used as the* co'^riat'e. Assuming that this proof is accurate, that 

would mean that if the reliabilities of the cb'v^ariate measures were equivalent- 

cLmohg the treatment groups^ then the assumption of homogeneity of regression 

would be met. Since the reliability of an instrument is rrlated so closely 

to the variability of the pdpulatibns on which it is used, the assumptibri cbuld 

be tested by cbmparihg the covariate variances among the treatmeixt groups. 



This testris'a byproduct of the test of Assumption 2^ concerning the independence 



of the covariate and treatment. - 

Althbugh direct tests bf the'hbmbgeneity bf regressibn are available^ in 
light bf the findings bf.Peckham ^1970) and the quick and dirty procedure 
indicated by McLean (1974), the direct test is not usually warranted. If 
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extreme /heterogeneity df regresisioti is suspected* refer -tb Ferguson (1976) 

for a more' complete descriptiba of a direct test. 

Normal Sistribation . - ' 



Studies and ^luthorities have indicated that ANCOVA is robust to most 

__ 1 _ '__ _ __ 

violations of the assumptions of normality (e.g.^ Cochran^ 1957; Glass et al. 

•ft 

1972; Winer, 1971). Generally, this assumption should be given about the 

_ _ "_ _ G _ _ _ _ ' _ 

same attention when performing iSlCOVA as when using analysis of variance or a 
t-tesr. If there is enough concern for a gross viclatibn of this assumption^ 
the i'esearchar should consider a nonparametric procedure such as Kruskal- 
Wallis. , _ 

H o m o geneity of Varianc e 

This is another carry-over assumption from analysis of variance. 
It requires about tlxe same amount of cbncem in ANCOVA as it does in analysis 
of variance. This assumption is very difficult tb test precisely in ANCOVA 

because it would require testing separately the corresponding values of the 

' ___ . . . ^ 

dependent variable for each value of the covariate over the groups « Even if 

a large enough sample were" available, the test wbUld need to be repeated 

many times. v 



An alternate* procedure is simply to test the homogeneity of variance of 
the dependent' variable while ignbf ing the cb^^riate, as is dbhe in analysis 
of variance. This can be done using either Hartley's F-max or Bartlett's 
procedure (Kirk, 1968). 

i An Example 

In order to put the preceding discussion in perspective^ consider the 
following example: ' ' • ' 
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Three |burth-grade classrooms in a middie-f iass suburban school - 
were assigned randomly to one of^ three different jreading. methods. ' 
Students in ClassrooiR 1 were taught according do a traditional 
reading program* Students in Classroom 2 were trained under the • * 
traditional prpgram with extra eraphasiS on phonic methods of 
instruction. Students in Classroom 3 utilized the traditional 
program albng^ with spebiai training in' the "look-say" method of 
reading instructions At the end of a six-week period, students 
were given a reading comprehension test.- The_te_st scores 
together witH the scholastic ability scores of: the students are 
shown below: • ' 



Table 1 
Data Rele\tantc to 



Reading Method 



Standard 



Phonics 



Lobk-Say 



Y 


X 


Y 


X 


Y 


X ^ ■ 


■ 36 


^86 


30 




25 


97 


32 


93 


28 


96 


36 


105 


40 


102 


42 


=105 


39 ' 


113 


38 


105 


44 


112 


37 


113 


31 


107 


47 


113 


45 


123 


- 46 


107 


:45 


117 


52 


128 


45 


110 • 


40 


120 


40 


140 



Y =;^scholastic ability. 
X = reading cbmprehensibn. 



These data were contrived for, the purposes of this example and any relationship 
with reality is coincidental. 

Suppbse it is desired tb cbmpare the mean reading achievem'eht of children 
taught under the three methods i ANCOVA can be used by taking into account the 
students' scholastic ability; that is, using scholastic ability as the cbvariate 

Fbr purposes of this example the Statistical Package fbr the Sbcial____::::L__ 



Sciences CSPSS) was used (Nie, Hull^ Jenkins, Steinbrenner^ & Bent, 
This computer library statistical package is available widely and is relatively 



easy to use; A ^opy of the prograia can be found ±n the Appehdixi* Note, that 
the printout includes several analyses. These aniiyses (MCOV^l MO ^^^ 

_ " _ ^_ _ i . _ • i 

cbvariate, and ANOVA on dependent, variable) are necessary for testing the 

assumptions and completing the ANCOVA. 

Je^^ts^-Of Assumptions . • • ^ 

: The first analyses to be performed in conjunction with ANCOVA Ire the 

■ 

tests of the assumptions. They are discussed here in the same order in which 

they were presented in the preceding section. 

Random Assignment . This assumption is usually not tested but is desigijed 

into the procedures. It can be noted from the example that students were 

assigned randomly to' the teaching methods i 

_ _ _. . . . _ _ _" 

Independence of- covariate and tre atment gr<>ups . As was noted in the 

discussion of this assumptipn^ it can be tested by performing an analysis 

of variance on the covafiate, i^oring the dependent variable. The a^ialysis 

can be 'found on page 9 of the printout (Appendix) and. is reproduced in 

Table 2. . ' 

- Table 2 ^ ^ ^ . 

ANOVA Summary Table for Ability ^ • 



Source : 


; SS 


DF - 


MS 


F 


Among Groups : 


4.95 




2.45 


.05 N.S. 


Within Groups 


955.00 


' 18 


53.11 




Total ; 


960.95 


20 







F - 2.02. N.S. 
max * 



-7 
1 
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Firsts the homogeneity of variance ac-si.tmptibh for that analysis was tested 

iising the F^__ procedure^ This was fotmd to be nonsignificant <F- = 2.02, N.S.' 

. ^ max ' 



10 



thus supporting the reasonableness of the analysis of vaiSance. The groups 

• ^ -_ --- -" _ - -_ , ' ' - ' 

were found hot to be significantly different thus the assumption concerning 

the independence of the covariate and' treatment groups can be considered 

reasonable. - * 

Pertect reliability . As .noted in the; discussion of this assumption^ n6 

test is required if the instruments used fiad reasonable reliability. 

€ovafiate-related to dependent variabie . Thi's assumption can be tested 

directly using the SPSS program. An F-test of this assumption is' found on 

*^age 2 of the printout (Appendix) under^the sotfrce, covariate (F(l,17) « 18.12, 



£-<.ddi). > ' 

It is interesting to note that sums of squares (SS^^ associated xid.th the 

covariate and the total can be used to compute the linear correlation between 

, the covariate' and the dependent variable. '' SS . — and SS ^ represent 

• covariate total 

___ _ o _ 

the variability accounted for by the covariate and total respectively. Thus, . 

_ / ^^covariate /l28l.615 _ ^^^^ 
^ ST—^ '^y. 3251. 809 ^ 

^ This result is verified by comparing it with the Pearson correlation coefficient 

■ ' ' t ' * - - . . . ... ^ • 

f ound jm- page S of the SPSS printout tAppendix). ^ ' 

n . ■ . . - ' - - . ' • " 

- " jibmbgeheity, of xej^gessibn .' A direct test 6f this assumption is rarely 
needed as was noted in earlier discussion. A quick and- dirty test can be done 
: comparitig the group covaricte vatian^es. This was done as a preliminary" 
analysis for testing the cbvariate-t?eatment group independence assximptibn. 

The t^st statistic x^s found to be nonsignificant (F = 2.02, N.S.)i. Thus, 

- ^ max . 

^ the< Komogenef ty of regression assumpticrn can be accepted as reasonable. 

- - — ^ _ - -" ___'_-* 

Nbrmal distribution . ^ This assumpC^bh does nbt heed to be tested. If ah 

' extreme 'vdLoiation of no rmal ity is expected, another type of analysis should be 

considered. • ' ' ^ 
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Hbihbgehelty of variaRcgj- ^As hbtfei ±n the eaylier discussion^ a reasonable 

'test of this assumption is an F comparing the group varianf:es of the 

- ^max ^ 

dependent variable. In this case^ the homogeneity of variance ^ assumption is 

feasbnabie (F = 2.76, N.S.); 

max * 

Summary - . Thus, in this case, the ANCOVA assiimptibns. are feasbnabie and 
the balance of the analysis can be cbmpleted. 

ir ia nce , 

^ The ANCOVA itself generally consists of completing a summary table 

- - - _______ _ _ _ _ __ _ _ _\ _._ 

f bllowed by appropriate multiple comparisbn prbcedures if a 'significant among 

__ e : ^: 

groups effect is found. Each is presented below^. 

_ ^ ^ _ • \ 

ANCOVA sirmmary table . The ANCOVA summary table is presented in Table 3. 

It can be found on page 2 of the SPSS printout (Appendix)^ 



Table 3 
ANCOVA Summary Table 



Source 


Ad j listed 
SS 


• J5F . ' 


Adjusted 
MS. 


Adjusted 
■ F 


Covariate 


1281.615 


1 


1281.615 


•18.12 (p<.00i) 


Among Groups 


767.786 


2 


' 383.893 


. 5.43 C2.<.055 


Within prbUps 


1202.^08 


: 17 


70, 730 




Total 


3251,809 


20 







Based upbh the adjtisted F^ ^F(2,175 = 5.43, £<.055^ the groups are^ taken 
to' be significantly different, it is interesting to note that the regular, 
analysis of variance without 'the covariate f ound on page 7 of the printout 
(Appendix) did hbt indicate among group differences (F(2^13) = 3.^2^ £<.05). 
Since the groups are si^ificffltttly^ different, a- mS 
is needed to determine where the differences are. 
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MuJ^tipife comparisons . A significant aiiibng grbiips F^ratid with moire thaii 

« 

two giroixps requires further analysis to detefStne where the difference or 
differences actually are. The comparisons are inade on the adjusted group 
means (Ferguson, 1976). 

These adjusted group means can Be foimd by using the information on 
page 3 of the printout (Appendix). The \rand mean (108.76) is adjusted by 
adding the appropriate adjusted deviation i-6.59, -1.44, and 8.03 for each 
group respectively). Thus^ the adjusted group means are 102.17, 107.32, and 
116.79. ^ * ' ^ • - 

One appropriate multiple comparison procedure in this case is Tukey's 
Honestly Significant DifferCTtce (BSD) procedure (Kirk, 1968). ~" . . 



HSD - q , ' ^"^* 



4 



« 11.54. 



Thus^ any difference greater than 11.54 can be considered significant at the 
.05 level. Table 4 indicates the among group differences. 

' " ' Table 4 

: " Adj listed Group Mean- Sifference 



Group 



Group 



*3 9.47 . 14.62* 

2 . 5.15 



1 



HSD - 11.54. 

*Significant at .05 level. 
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-The only grbiips significantly different are Groups 1 and 3. (Jroup 3 was found 
to have a significantly greater mean than drdUp 1. 

Alternatives When Asstxmptions Are, Not Met ' 
The relative importance of each assumption was noted in an earlier section, 
if one or more of the critical assumptions are not met^ other types of analysis 
should be considered. 

The random assignment^ normality^ and homogeneity of variance assumptions 
should be considered in the same way one would consider them in analysis of 
variance. Gross violations of one or more of these asst^tions would often 
reqtiire the use of a nonparametric procedure (which still requires randbtn 
sampling) such as the Kruskal-Wallis Procedure (Ferguson^ 1975). Concern over 
the effects of violations of the perfect feiiabiiity and hombgeneity of 

regression assumptions may be minimized unless sucft violations are gross^ In 

cases of gross violations, regular analysis of variance should be ^considered. 
Violations of the assumptions cbhceming ; the relationship between the covariate 
and dependent variable would only result in a slightly less powerful test. 

If the covariate and treatment are dependent , bhe liiight arrive at a 
cbnclusibh cbmpletely at odds with reality GfcLean S Wafe^ 1977) i A violation 
of this assumption should lead ta a different analysis, such as analysis of 
variance. 

If regular analysis of variance is cbnsidered as an alternative to ANCOVA^ 
twb designs can be cbnsidered. The first involves perforraihg the analysis on 
the dependent variable and ignb.ring the jcbvariatei The second involves using 
the covariate as a repeated measure in a repeated measure design. This is 
feasible if the cbvariate is a pretest score measured on the same instrument 
as the depen'dmt variable i The ^latter analysis should be more powerful. An 



" ^ ' ^ ' 14 

equivalent result cibuld be obtained by peirfbrmihg a standard analysis of 
variance on the pre-tb-pbst gain scbfes. 

Summary - 
i&ialysis bf cbvariances can be a very useful prbcedufe if used cbrfectlyi 
Its correct tisage requires the researcher to keep in mind the assumptions and 
their tests. As illustrated In"^ this paper/ ANCOVA^can be performed very easily 
when the assumptibns are Kept in* mind frbm the bhset. 
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DEFAULT TKAUSPAX:L ALLOCAtlON 11^5 V.bKUS . 

KAX no Of Tl<5N5FOKKATli.»rjS PEk'-UTTPO ' 37 
KAX UO CP RtCuOJ^ VALUtS - 150 
MAX NO OF AKlli^M.OR LOO.CPEKATlori^; 

RESULT I WORKSPACE ALLOC *M I Of J 7875 c/ORDS 

i. RUw riflKE MSEKA EXAfPtEi ^RbiJPS=«aTH6n OF Ill^TK* CnVzAHll. iTT* nv=RFAn COMP 

a. VAKlAliLE LIST £»i^0UPrAl3lLITr.RFADC0MP 

3. iriPOT J^Et)IUM CAKD 

«»i N OF CASES 21 - - 

S. INPUT FdKMAT FIXEPlFX.0rF3.O.FM.U) 

■ . ^ A • _ 

ACCORDIN© TO YOUR lUPUT FOKM/Vt. VARIARLFS ARE TO ISF READ AS FOl COKS - 



VARIABLE FORMAT KECORD COL IVNS" ' 

GROUP F 0 11-1 V ^ 

ABILITY F 3. 0 1 a- 

-READCb«f> F If. C 1 5- 8 

THr_irjpUT FORtlAT PRbVItiES_FbR_ '3 VARlAfjLES. 3 .vllL PF REAP _ . _ 

IT PROVIDES FOa 1 RECORDS (•CARDS') PER CASE. A MAXIMUM OF h •COl.UKIlS' ARF IKFiD On a RFCOPH. 

6. • AKbVA RlAOCbt-'P BY GKd'JP{l»3) WltR A«lLltY ' ' 

7i STATISTICS lt3 ^ 



_*AKbVA< PHb3l,£>X REQUIRES 77 ^F <;pArF- 

- 8. READ INPUT DATA 
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Flit MOliAKe . (CRfci^TiON bAK = t)l OCT 79} 

• i ♦ I i i « »; ♦ i A U A U r b I S OF V A M r A fj C F » • . 4 4 » ♦ ♦ j ♦ 

:: - : ... HdMOIfP 

at GROUP ■ •• 
: ^SIRABlLin _ : j . 

* * * * 9 • * * * * 4 ^ % * t % i * ^ * i 4 i i i * t i i t i i ^ t t t t t 

_SWC)F _ __M|AN _ SlfitilP 

SOURCE OF VARIATION S3UAR£S nF SOOJRF F fiF F 

! § ' 

covARuus mulis 1 iafliisis 13.120 .oni 

ftBllITY < 1281,615 1 12«.615 18.120- .001 

'SIN EFFECTS ■ ' ■ ■ m,m 2 383.893 5.428 ,m 

OROuP 767.7C6 2 383.fi93 5,5?8 .015 

^puinki I : —ibi^^iiea 3 ewiis* 9.b^s ' .001 

»£SIDU«l i202.««08 17 70.731) 

rOTAC * ' 3251.IJ09 ?n 162.59.1 
21 CASES wERE. PROCESSES. 
; A CASES ( iO PCT) teERc MISSING 
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File NOiW .icRE*noii date = &t oct 79) 

• • i 'h OL T I P L E C t A S S I M C A T I ft R A iJ A L Y S I <; • ♦ » 
6Y GROUP 

»ITH ABICITY - 



€RAMO >EAN : 10^.76 
VAPlABcE ♦ CATEOORT 



N 



SDJIISTE!) FOR 
AOJUSlKDiFQH lunEPtTOiTS; 
UiiAOJUSTEf. IHDEPE»!0F.MS ♦ C06AKiSTf:<; 
DEV'N ETA DEV'N REIA DEV'R hiU 



6RCUP 

rr~r 
2 



7 

r 

7 



-7.33 
-.90 
6.2<t 



-6.59 

o a,03 



iSl 



.US 



wltiple r squared 

miTlPtE R 



.79'i 



DATA TRANSFe«vsTIO!< bmt UP TO THIS piStnt., 



NO OF TKAt.SFOha.Tl&NS Q 
m CF fittCUk. VALUES 0 
«0 CF AhiTriM. OK LOG. C'Pt.RATibfi<; 0 
THE AKOUnT Of trtANI.PAC£ Htamttl IS 0 

^ ' - 

9. . PaRSurj COhR ABILITY klTH RFSnCOMP 
•MM PEARSdr^p' PROBLEM fisQOIftES ' 12 EOROS «SPACF m**, 



• • • 



/ 

/ ■ ■ 



FILE {CREAliON CAtE = Oi dCT 79). 



PAGK 5 



* - H E S R S 0 N C 0 R K F I A r I 0 (•) C 0 F F F f e t F fi T ^ - i - . i i . 

REAOCOmP 

IBltlTt .6278 • ' 

S: .001 . . 

■ • - . • . ■ ..: ■ — ■ ■ . < 

COEFFICIENT / (CASES) / siGNiFiCAucu ia val'if OF 99.0000; irpRtNTrs tf s-^nFeFinRiT f.arif40T rf mmm 
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FitE NO.<AH! ■tCrv£ATlOiiCSIt:otCa 



0 1; r ij A T 



— -«££tmODPS' 

«THIlM5H!jUPS 



ftfiALYSIS.OF VARIANCE 

b.F. JUW OF MUARK _ KFAN SOUARES 

""2" 8S7.2363 , :iJ£fi.6182 

18 ■' ?394,5742 133.0319 

20 . 32S1.8in<; . 



.F_P«110_^XJllflA^ 



3.??2 »m 



6R0UP 


jm 


■vm 


STANDARD : 
.UEVlAtiON 


. STANDARD 
ERROR 


0 


fifipor" 

6RPD2 
iiRP03 


7 
7 


lC1.42b6 
lur.fcS?! 
117.0000 


' 3.73112 
•l{).605l 
14.5029 


3.3of^ 
, 4.11085 
5.4816 


86.00^ 
92.(ia0U 

97.bnoe 


. TOTAL 


21 


1G8.7619 


12,7511 


' 2.7825 


' 86.Dnnij 


TESTS. FOR HOMOGENEITT 


OF VARIrtWES 




i 

i' 


* * 



iin.onoo 

140.0008 

litb.biihD 



COCHRfcjS C ^KAX. i/ARiAi<CE/SUMlVARiANC£S) 
RARTLETT.BQX.F-= - - - - 

mm VARIANCE.; / mnm\ variance ' 



,5270i P s ,?23 (^PPROi.J 
i.742» p : ,481 

to' 



<iS PCT COIJF rilT POD "FAN 

93.3Sn1 TO ioo.'lflhj 
9R.C4B5. 10 ii7.f'f»55 
:l03.5n72 TO 130.112« 



102.9577 TO 114.5661 
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rmfiiv uRuuHs:f;-.tihOD of 
ii. sTATibtics 

•OM ONtAAY HROtiUM REOUlRES 



IVi'jW CUV=AHlLI1t; DVSREaO CiJvP 
AtiltifY or GR:HP(1»3) 

26 WOKOS yoRK«;f'AC£ ♦»♦*» 



m mm mmm m - oi ocf 7^) 

. i i - . . i . . . ^ - - 0 i j F. A y - 



ni m 79 



PiiGf S 



AHALYSiS OF VARiAuCF 
^♦F-^ &ijjU)F-S(5UAPFS — 4:fAi^ii(3ijiRK 



FuitiO" rPMPT" 



- 


" BETkEIn bhOliPS 


£ 


^^%2i 


?.!1762 


lfl(i7 










ilTHIli GkOUPS 


18 


9'^6«0d05, 














TOTAL 




20 


9ft0.9526 






* 

1 






• 6RCUP 


COOliT 


' mi 


SIAMOARD 
dtVIATlOH 


STAHOARn 
ERhOR 


mim 








tfiT m 'TAtJ 


- GRPdi 

f mz 

mi 


7 
7 

7: 


38.2357 
39.H29 


5,8513 
7.4fl01 
8.3152 


2.2116 
2;6272 


3i.onoo 
2R.(«iioy 

25.0000 


47.^000 • 
5?.Oflon 


32.H762 
32.5106 
3j.tS26 


TO 
TO 
TO 


.«»3.G973 
iift.M3l 


5 TOTAt 


21 


3<}.952t 


6.9316 


1.5126 


, 2b.b000 


<)2.0flOU 


"35.7971^ TO 


. 5?. 1076 



• TESTS FOR HOsOStilUTY OF VARIAIICES 



0 
0 

0 

d 

6 



CbdWAtjS C : XAX, VAR.iANCE/SUi'liVARIfiHCES) : .^lOi P = .u97 (jSPPfiOx. 

RRRICETT-EOX.F.: . . _ _ ...3l3' P : .7lt 

mvm VARIANCE / mwm VARISNCE = 2.019 
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